Background. The authors compared the effects of epidural anaesthesia with lidocaine 1% and lidocaine 2% on haemodynamic variables, sevo¯urane requirements, and stress hormone responses during surgery under combined epidural/general anaesthesia with bispectral index score (BIS) kept within the range 40±50.
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Combined epidural/general anaesthesia technique has widely been used in major abdominal and thoracic surgery for decades. Our clinical experience has shown that there are less general anaesthetic requirements when the two techniques are provided simultaneously. Theoretically, epidural anaesthesia blocks the nociceptive input originating from the surgical site to some degree. In addition, the results of a recent clinical study 1 indicate that neuraxial anaesthesia has a supraspinal effect that suppresses the level of consciousness. In our clinical practice, however, the ratio of the two techniques has been arbitrarily determined: varying concentrations of local anaesthetic are used, and general anaesthesia is administered empirically or based on cardiovascular responses during surgery without knowing the depth of anaesthesia. In the literature, the optimal combinations of the two techniques have never been explored. Nor have the concentrations of local anaesthetic for epidural during combined epidural/general anaesthesia been adequately compared.
The bispectral index score (BIS) has recently been introduced as an estimation of anaesthetic effect. According to the results of previous clinical studies, 2 3 despite being independent of anaesthetic used, BIS score could indicate adequate depth of anaesthesia during surgery.
In the present study, we compared the effects of epidural anaesthesia using lidocaine 1% and 2% on haemodynamic variables, stress hormone responses, and sevo¯urane concentration during surgery under combined epidural/general anaesthesia utilizing a BIS within the range 40±50.epidural anaesthesia during surgery in our institution and previous clinical studies. 4±7 
Methods
After institutional review board approval and written informed consent, we studied 33 patients classi®ed as ASA physical status I or II undergoing elective surgery on the lower abdomen lasting more than 2 h. Patients who were taking regular medications or had a history of major back problems, coagulation abnormality, or neurological disease were excluded.
Atropine 0.005±0.01 mg kg ±1 was given i.m. approximately 1 h before anaesthesia. All patients fasted for~8 h and received no intravascular volume loading before entering an operating room, where an i.v. infusion of Ringer's acetate solution was initiated at a rate of 10 ml kg ±1 h ±1 . They were placed in the left lateral decubitus position, the skin, subcutaneous tissue, and supraspinous ligament were anaesthetized with 2 ml of mepivacaine 1%. The epidural space was identi®ed with an 18-gauge Tuohy needle with the bevel directed cephalad via the midline approach in the T11±L3 vertebral interspace, and a catheter (Portex) advanced 5 cm into the epidural space. The catheter was aspirated to exclude intrathecal or i.v. placement and then secured. The patient was then returned to the supine position.
All patients were randomly divided into two groups using a random number table to receive epidural lidocaine 1% (Group 1) or 2% (Group 2) with sevo¯urane general anaesthesia. They received a 10 ml bolus injection of either concentration of lidocaine followed by the same solution at a rate of 10 ml h ±1 through the epidural catheter. Fifteen minutes after the injection, the dermatomal level of block of light touch, temperature, and pinprick discrimination was evaluated with the dull, hinged end of a safety pin, an alcohol-soaked swab, and the sharp tip of a safety pin, respectively. Monitoring included noninvasive arterial blood pressure (BP), heart rate (HR), pulse oximetry, BIS, end-expired carbon dioxide, and inspired (FI SEVO ) and endexpired (E¢ SEVO ) sevo¯urane concentrations. After a face mask was applied to achieve a tight seal, general anaesthesia was induced using tidal-breathing technique with sevourane 5% and nitrous oxide 60% in oxygen. Endotracheal intubation was facilitated with vecuronium 0.15 mg kg ±1 . During maintenance of anaesthesia, all the patients received vecuronium for neuromuscular block and were mechanically ventilated to maintain end-tidal carbon dioxide between 35 and 40 mm Hg. Sevo¯urane levels were adjusted to achieve a target BIS of 40±50. I.V.¯uid infusion was at the discretion of the anaesthetist caring for the patient. Hypotension was treated with 5 mg ephedrine i.v. if systolic arterial pressure decreased by >25% of the pre-anaesthetic value. At the completion of surgery, inhalation anaesthetics were discontinued and residual neuromuscular block was antagonized with atropine 1.0 mg and neostigmine 2.5 mg.
All the anaesthetic procedures were conducted by an anaesthetist who was blinded to the local anaesthetic solution injected and told to change FI SEVO only on the basis of changes in BIS.
Systolic BP (SBP), HR, and BIS were recorded by an independent investigator who was also blinded to the study group before epidural anaesthesia, before surgery, every 5 min for the ®rst 2 h during surgery, and after the completion of surgery until endotracheal extubation. So were FI SEVO and E¢ SEVO except for the time point before induction. Times from start of induction to loss of eyelash re¯ex (T1) and dropping of a 50 ml syringe held between the thumb and ®ngertips (T2), as well as times from end of surgery to return of gag re¯ex (T3) and handshake on verbal command (T4) were also measured. Plasma samples were taken immediately before, and 1 and 2 h after the start of surgery for measurements of catecholamines, cortisol, and lidocaine. Catecholamines were analysed by high performance liquid chromatography (intra-and inter-assay variations of the method, as expressed by coef®cient of variation, were 1.4 and 2.7%, respectively); cortisol was determined by radioimmunoassay (intra-and inter-assay variations were 2.8 and 5.6%, respectively); lidocaine, uorescence polarization immunoassay (coef®cient of variation was <5% with controls of 1.55, 3.03, and 7.55 mg ml ±1 ).
Statistical analysis
Sample size was determined by a power analysis based on the variability observed in our pilot study (SD 0.2%) and the ability to detect a difference in FI SEVO of 0.25% with beta set at 0.2 and alpha set at 0. SEVO , and BIS were analysed using Student's t-test, and the Mann± Whitney test was used to determine differences in the maximum level of sensory blocks between groups. Plasma concentrations of catecholamines, cortisol, and lidocaine were analysed using repeated-measures analysis of variance and Dunnett's test or Student's t-tests for post hoc testing. P<0.05 was considered statistically signi®cant.
Results
Patient characteristics and surgical procedures performed were similar in the two study groups (Table 1) . Epidural anaesthesia using both lidocaine solutions, which were injected at similar epidural sites, produced a demonstrable block in every patient ( Table 2 ). The upper levels of sensory block to cold and pinprick 15 min after the bolus injection were similar in the two groups, whereas lidocaine 2% produced a signi®cantly higher level of loss of touch sensation. The volumes of i.v.¯uid and blood loss for the ®rst 2 h were similar in the two groups, which also showed similar SBP, HR, and BIS before epidural anaesthesia.
Two groups were similar for the timings of special events for induction including T1 or T2 (Table 3) . During surgery, both groups were similar for both mean and change per 5 min in BIS, SBP and HR, but mean and change per 5 min in FI SEVO and E¢ SEVO were signi®cantly higher and larger, respectively, in Group 1 than in Group 2 (Table 4) . Plasma lidocaine concentration was signi®cantly higher in Group 2 than in Group 1 (Fig. 1) . Plasma epinephrine and cortisol in Group 1 were signi®cantly increased during surgery and became signi®cantly higher than those in Group 2 (Fig. 2) . Plasma norepinephrine and dopamine concentrations were similar in the two groups.
After completion of surgery, BIS gradually returned to baseline values in both groups similarly. The timings of special events for recovery from general anaesthesia, as shown in T3 and T4, were similar in the two groups (Table 3) .
Discussion
To the best of our knowledge, this is the ®rst study to examine the effects of epidural anaesthesia on haemodynamics, stress hormone responses, and sevo¯urane requirements during surgery. A recent study 1 demonstrated that lidocaine epidural anaesthesia reduced the minimum alveolar concentration (MAC) of sevo¯urane from 1.18% to 0.52%, which they speculated was attributable to indirect central effects of spinal deafferentation. However, they only assessed the MAC by applying a tetanic electrical stimulation to the ®fth cervical dermatome that was cephalad to the upper level of epidural anaesthesia and, thus, did not reveal the sevo¯urane sparing effect on stimulation where the surgical procedure was being performed. They subsequently found that lidocaine epidural anaesthesia decreased the general anaesthetic requirements to produce a BIS value <50 by 35%. 4 However, they assessed the values before starting the operation and, thus, did not reveal 8 demonstrated that epidural bupivacaine and fentanyl decreased inso¯urane requirements during combined general/epidural anaesthesia for colon resection. However, since fentanyl alone should decrease the anaesthetic requirement, the effects of epidural bupivacaine were obscure. Hans and colleagues 9 found that epidural anaesthesia did not affect BIS during des¯urane anaesthesia. However, they enrolled patients undergoing lumber disc surgery, which often does not require profound epidural anaesthesia.
The differences in sevo¯urane requirements and stress hormone responses observed between epidural lidocaine 1% and 2% are probably attributable to the difference in extent and/or intensity of the block. Although the two lidocaine solutions were similar for upper level of sensory blocks to cold and pinprick before the induction of general anaesthesia, the higher concentration of lidocaine produced a higher level of loss of touch sensation. The two groups differed in dosage and concentration of lidocaine, both of which have been demonstrated to affect the extent and intensity of the epidural block. 5 6 10 In the present study, the concentration of sevo¯urane was adjusted to obtain a target BIS of 40±50 regardless of other variables. Previous studies 2 3 have demonstrated that the BIS is a highly predictive monitor for depth of sedation, and that the probability of responsiveness becomes small at a BIS value of 50 or less. Thus, two groups of patients in the present study appear to have been kept constantly in a similarly adequate depth of anaesthesia throughout surgery.
In our clinical practice, we do not change an inspired anaesthetic concentration only on the basis of BIS values. Thus, the signi®cance of the difference in variability of anaesthetic requirements may be questionable, and less variable sevo¯urane concentration with higher concentration of lidocaine may not seem to be an advantage. However, in view of similar changes in SBP and HR during surgery between the two groups, it is likely that the depth of general anaesthesia is more variable with the use of lower concentration of lidocaine in a situation where an anaesthetist provides general anaesthesia relying on haemodynamic values without a BIS monitor. Possible criticisms of the study include the fact that the dosage of lidocaine administered in the two groups differed. Thus, as observed in the plasma concentration of lidocaine, the differences in effects between the groups might have been associated with a difference in the systemic effects of lidocaine. However, the results of a study by Hodgson and colleagues 1 showed that the MAC sparing was not caused by systemic effects of lidocaine. Another group of researchers 11 found that i.v. lidocaine resulting in a plasma concentration of lidocaine twice that associated with epidural administration did not affect the recovery time. Thus, it is unlikely that the addition of i.v. lidocaine to a group of patients given epidural lidocaine 1% would have led to different conclusions.
As previous studies have shown that epidural lidocaine 3 mg kg ±1 shortens induction with sevo¯urane 7 and delays arousal from iso¯urane anestheisia, 11 our ®nding that the two groups were similar for both induction and recovery times was surprising. However, although the mechanism is not clear, the present results favour the use of higher concentrations of local anaesthetic solutions.
